The culturally divergent social orientations of independence and interdependence are believed to result from acquisition of cultural norms and values. It is not certain, however, whether (and if so, how) the acquisition of cultural norms may be moderated by, or interact with, specific genetic mechanisms. In the current work, we drew on extant research on Gene × Culture (G × C) interaction and tested whether individual differences with respect to the overarching cultural dimension of independence versus interdependence vary with polymorphisms of the dopamine D4 receptor gene (DRD4).
The Dopamine D4 Receptor Gene (DRD4) Moderates Cultural Difference in Independent Versus Interdependent Social Orientation
Gene × Culture Interaction
An increasing number of studies have shown that individuals can be differentially susceptible to environmental influences depending on certain genetic polymorphisms (Caspi et al., 2003; Sheese, Voelker, Rothbart, & Posner, 2007) that have been termed plasticity alleles (Belsky & Pluess, 2009 ). Carriers of certain plasticity markers are more vulnerable than other individuals to early traumatic events. For example, such events can increase the risk of depression and posttraumatic stress disorder later in life, but this effect is particularly apparent in individuals carrying specific alleles in the promoter region of the serotonin transporter gene (5-HTTLPR; Caspi et al., 2003) . Admittedly, most psychological and neurophysiological processes, including depression and posttraumatic stress disorder, are under subtle influence of a number of genes; hence, it is likely that genetic influences are both complex and polygenic. Nevertheless, the emerging work on plasticity alleles suggests that it is useful to focus initially on specific key genes.
Extending this work on Gene × Environment (G × E) interaction, Kim and her colleagues have recently argued that culture constitutes a major source of environmental influences and, thus, that some cultural effects can be moderated by specific genetic variants. For example, it is normative to seek emotional or social support at times of distress in European American cultural contexts, but not in Korean cultural contexts. Kim, Sherman, Sasaki, et al. (2010) tested the hypothesis that this environmental influence might be larger for carriers of a specific allele (G, as opposed to A) of the oxytocin receptor gene (OXTR) polymorphism rs53576 that had previously been linked to increased socioemotional sensitivity. Indeed, they found that European Americans who carried at least one rs53576 G allele (GG or GA genotype) were reportedly more likely to seek emotional support from other people under conditions of high distress, compared with their noncarrier counterparts (AA genotype). However, compared with European Americans, Koreans reportedly sought less emotional support regardless of distress levels, and this tendency was not moderated by this OXTR polymorphism. Another recent study provided further support for the G × C approach in an examination of cultural norms regarding emotion suppression (Kim et al., 2011) . Kim, Sherman, Taylor, et al. (2010) showed that a cultural difference in holistic attention (Masuda & Nisbett, 2001) is similarly moderated by the serotonin 1A receptor gene (HTR1A) polymorphism rs6295 (also called C(-1019) G). Compared with European Americans, Asians were found to be more holistic in attention, but this cultural difference was evident only among carriers of the G allele of HTR1A, who are more sensitive to external reinforcement than are noncarriers.
Although important, this work has so far focused on isolated behavioral traits (i.e., social support, emotion suppression, and holistic attention). Thus, an important unanswered question remains: Might specific genetic differences moderate the cultural difference in the overarching dimension of independent versus interdependent social orientation?
DRD4
Yet another critical gap in the current literature on G × C interaction concerns the potential role of DRD4 in acquisition of cultural norms. Acquisition of normatively sanctioned behavioral traits, including independence and interdependence, is likely modulated by the efficiency of incentive-learning mechanisms. If that is the case, one should anticipate that cultural acquisition is moderated by genetic polymorphisms that regulate the efficiency of the central dopaminergic pathways. DRD4 polymorphisms influence the efficiency of neural transmission in the dopamine pathways of the central nervous system, which innervate reward-processing areas of the brain, including the nucleus accumbens, the striatum, and the prefrontal cortex.
The present investigation focused on the exon 3 variable-number tandem repeat (VNTR) polymorphism of DRD4 (Wang et al., 2004) . The number of repeats varies widely, from 2 to 11, but most common are alleles with 2, 4, and 7 repeats (i.e., 2R, 4R, and 7R alleles). Compared with the 4R allele, the 7R allele shows less in vitro dopamine functioning and poorer response to agonists (Asghari et al., 1995; Seeger, Schloss, & Schmidt, 2001 ); the 2R allele exhibits an intermediate profile. Relative to the 4R allele, the 7R and 2R alleles are associated with diminished dopamine feedback inhibition (Wang et al., 2004) , which is thought to lead to higher physiological dopamine signaling capacity (Nikolova, Ferrell, Manuck, & Hariri, 2011) . In fact, 7R carriers show greater ventral striatal activity (Forbes et al., 2009) and are more sensitive to rewards, compared with 4R carriers (Nikolova et al., 2011) . Nearly all available studies on DRD4 have contrasted 7R carriers with noncarriers. These studies have largely been conducted with Western populations, in which the 2R allele is relatively uncommon. However, among Asians, the 7R allele is much less common, and instead, the 2R allele is more prevalent. Thus, Reist et al. (2007) recommended combining carriers of these two alleles in studies involving Asians. Following this recommendation in the study reported here, we defined our high-dopamine-signaling group to include carriers of either of these two alleles.
Furthermore, a DNA-sequencing and linkagedisequilibrium haplotype study has suggested that the 7R allele of DRD4 was likely derived from a more ancient form (4R) 40,000 to 50,000 years ago, when humans started to expand their territory across the globe, whereas the 2R allele appeared much later, approximately 10,000 years ago (Wang et al., 2004) . These alleles appear to be under active selection pressures associated with migration (Chen, Burton, Greenberger, & Dmitrieva, 1999; Matthews & Butler, 2011) , which suggests the intriguing possibility that DRD4 variants linked to altered dopamine signaling capacity could have coevolved with cultural forms of human adaptation. Consistent with this reasoning, related research on DNA sequencing suggests that relatively recent genetic selections, including the DRD4 VNTR, are more common than previously appreciated (Hawks, Wang, Cochran, Harpending, & Moyzis, 2007) . Thus, evidence is converging to suggest that DRD4 must have played a significant role in the emergence of human cultures. We accordingly suggest that focusing on this particular gene is likely to be fruitful in the investigation of G × C interaction.
Previous work has found associations between the 7R allele of DRD4 and certain behavioral traits, including novelty seeking (Laucht, Becker, Blomeyer, & Schmidt, 2007) , heavy drinking (Laucht et al., 2007) , and financial risk taking (Dreber et al., 2009 ), but these associations have not always been replicated (Munafò, Yalcin, WillisOwen, & Flint, 2008) . Further, evidence indicates that carriers of this variant are sometimes better socialized than noncarriers, having superior attentional control (Sheese et al., 2007) and greater prosocial orientations (Sasaki et al., 2013) . To account for the fact that the 7R allele appears to be associated with more adverse outcomes under certain conditions but with more advantageous outcomes under other conditions, some researchers have hypothesized that the 7R variant (and the 2R variant) of DRD4 functions as a plasticity allele, such that it is associated with sensitivity to environmental influences (Belsky & Pluess, 2009; Sasaki et al., 2013) . It is possible that which behavioral traits are associated with the 7R or 2R variant of DRD4 depends on what individuals learn from their experiences in a particular environmental or cultural context. Insofar as many forms of learning (including the learning of cultural norms) are mediated by reinforcement of responses, the 7 or 2R variant of DRD4 may potentiate such responses by sensitizing the carriers of the variant toward reward and reinforcement. Typically, responses that are congruous with cultural norms are likely to be reinforced. Accordingly, the 7 or 2R variant of DRD4 may be expected to be associated with greater adoption of norm-congruous responses.
The Present Work
Previous work on G × C interaction has focused on specific behavioral traits. Moreover, although several considerations suggest that DRD4 is likely to have coevolved with culture, this work has not tested this gene. Our aim in the current work was to fill in these gaps by testing predictions on how DRD4 VNTR polymorphisms might interact with culture to determine general social orientations. We anticipated that carriers of the 7R and 2R alleles of DRD4 would exhibit culturally dominant social orientations (independence for European Americans and interdependence for Asians) to a greater extent than noncarriers of these variants.
Method

Participants and procedure
We planned to recruit 200 European American (EA) and 200 Asian-born Asian (AA) students at a large Midwestern university. We stopped data collection when we roughly achieved this goal, having recruited 194 EA students (68 males and 126 females) and 204 AA students (71 males and 133 females). All of the participants responded to fliers posted at various campus locations. They then received an e-mail screening for eligibility. To qualify as an EA participant, a person had to be of European ancestry and to have been born and raised in the United States; to qualify as an AA participant, a person had to have been born in an East Asian country (i.e., China, Japan, Korea, and Taiwan) and to have spent no more than 10 years in the United States. Eligible students were invited to participate in a study on the relationships among personality, genes, and well-being. Either individually or in small groups of 2 to 10 individuals, they were asked to complete a series of computerized questionnaires and then provided a saliva sample. They received $25 for their participation. The mean age of the participants was 20.3 years (SD = 1.2). A majority of the AA participants (82%) had spent no more than 7 years in the United States (M = 4.6 years, SD = 3.5).
Genotyping
An Oragene saliva kit (OG-500) was used for saliva collection (DNA Genotek, Kanata, Ontario, Canada). Genomic DNA was extracted using a high-capacity membrane-based column (QuickGene810, AutoGen, Inc., Holliston, MA) and was quantitated using an A260/A280 ratio with a NanoDrop spectrophotometer (ThermoScientific, Inc., Wilmington, DE) and agarose gel electrophoresis. The DRD4 VNTR polymorphism was amplified, with 0.2 µM of DRD4 forward primer 5′-GCGACTACGTGGTCTACTCG and 0.2 µM of DRD4 reverse primer 5′-AGGACCCTCATGGCCTTG (Lichter et al., 1993) , using the Roche GC-Rich PCR System amplification buffer (Roche Applied Science, Inc., Mannheim, Germany) and 20 ng of genomic DNA in a volume of 25 µl. The samples were heated in a Stratagene thermocycler (Life Technologies, Inc., Grand Island, NY) at 95 °C for 3 min, then cycled 40 times at 95 °C for 20 s, 57 °C for 20 s, and 72 °C for 1 min, followed by 72 °C for 3 min. Polymerase chain reaction products were separated and visualized on a 2% agarose gel (type 1-A, Sigma, St. Louis, MO) stained with ethidium bromide.
Out of the total sample, 377 participants were successfully genotyped for DRD4. Frequencies of the common DRD4 VNTR alleles were in line with previous findings (Chen et al., 1999) : for EA participants, 6.9% 2R, 6.9% 3R, 63.5% 4R, 1.3% 5R, 17.2% 7R, 2.4% 8R, and 1.9% 10R; for AA participants, 17.3% 2R, 1.6% 3R, 76.6% 4R, 1.9% 5R, 0.3% 6R, and 2.4% 7R. As in previous work (Reist et al., 2007; Sasaki et al., 2013) , carriers of the 7R and 2R alleles (associated with relatively high dopamine signaling; 84 EA and 63 AA participants) were compared with a lowerdopamine-signaling group of noncarriers of these alleles (mainly the 4R/4R genotype, as well as more rare variants including the 3R, 5R, 6R, 8R, and 10R alleles; 105 EA and 125 AA participants).
Scales
We administered a series of questionnaires, including the six scales that are pertinent to the present investigation. As we show later in this section, all scales had acceptable reliabilities in both cultural groups and comparable reliabilities across groups.
To assess independent social orientation, we used the following four scales.
• • Independent Subscale of Singelis's (1994) SelfConstrual Scale: This subscale is composed of 15 items designed to assess the respondent's construal of the self as independent. Sample items include, "I enjoy being unique and different from others in many respects" and "I feel it is important for me to act as an independent person" (αs = .71 and .72 for EA and AA participants, respectively). • • General Self-Efficacy Scale (Schwarzer, Mueller, & Greenglass, 1999) : This scale consists of 10 items measuring beliefs about one's personal agency and action control. Sample items include, "I can usually handle whatever comes my way" and "I am confident that I could deal efficiently with unexpected events" (αs = .85 and .81 for EA and AA participants, respectively). • • Self-Esteem Scale (Rosenberg, 1965) : This is a 10-item scale, which measures an individual's perception of his or her own self-esteem. Sample items include, "On the whole, I am satisfied with myself" and "I am able to do things as well as most other people" (αs = .86 and .90 for EA and AA participants, respectively). (Kim & Sherman, 2007) : This scale is composed of 11 items designed to assess the extent to which the respondent values self-expression in both behavior and beliefs. Sample items include, "Being able to make my own choice is important to me" and "The freedom of speech is the most important right" (αs = .77 and .72 for EA and AA participants, respectively).
• • Value of Expression Questionnaire
To assess interdependent social orientation, we used the following two scales.
• • Interdependent Subscale of Singelis's (1994) SelfConstrual Scale: This subscale measures the respondent's construal of the self as interdependent. Sample items include, "I will sacrifice my self interest for the benefit of the group I am in" and "My happiness depends on the happiness of those around me" (αs = .68 and .72 for EA and AA participants, respectively). • • Analysis-Holism Scale (Choi, Koo, & Choi, 2007) :
This scale is composed of 24 items designed to assess the extent to which an individual has a holistic cognitive style. Sample items include, "It is more desirable to take the middle ground than go to extremes" and "It is not possible to understand the parts without considering the whole picture" (αs = .69 and .72 for EA and AA participants, respectively).
Indices of social orientation
We performed factor analyses to construct indices of social orientation based on six variables derived from the scales just described: independent self-construal, interdependent self-construal, value of self-expression, holistic cognitive style, self-esteem, and self-efficacy. The first four variables were available for all 398 participants, but the last two variables were available for only 275 participants, as 123 participants did not fill out the scales for self-esteem and self-efficacy. We thus performed two factor analyses: One included just the 275 participants for whom all six variables were available, and the other included all 398 participants, with the missing two variables imputed using multiple regression. The imputation for the two variables was based on ethnicity, scores on the remaining four scales included in the current report, and scores on four scales included in the study for other purposes (see Supplementary Methods in the Supplemental Material available online), which accounted for 38% of the variance for both self-esteem and self-efficacy.
We found no substantive differences between the factor analyses including and excluding the 123 additional respondents; we therefore used factor scores based on the analyses including them (Table S1 in the Supplemental Material summarizes the results of the factor analysis without imputation).
As indicated by the results in Table 1 , the independence factor score was defined by independent selfconstrual, self-esteem, self-efficacy, and value of self-expression, whereas the interdependence factor score was defined by interdependent self-construal and holistic cognitive style.
Results
First, we analyzed the independence-factor scores in an analysis of variance with two between-subjects variables, culture (EA vs. AA) and DRD4 (7/2R-allele carriers vs. 7/2R-allele noncarriers). This analysis revealed a significant main effect of culture, F(1, 373) = 9.81, p < .002; EA participants were more independent than AA participants. In addition, the predicted Culture × DRD4 interaction was significant, F(1, 373) = 5.77, p < .02. There was a strong cultural difference in independence in the predicted direction among the 7/2R carriers, with EA participants significantly more independent than AA participants, F(1, 373) = 12.49, p < .001; in contrast, this cultural difference was negligible for the 7/2R noncarriers, F < 1. The same pattern was evident for each of the four variables that made up the independence factor (Table 2 ).
An analysis of variance that examined the interdependence-factor scores also revealed a significant main effect of culture, F(1, 373) = 7.54, p < .01; AA participants were more interdependent than EA participants. This main effect was marginally qualified by the predicted Culture × DRD4 interaction, F(1, 373) = 3.15, p < .08. Whereas the cultural difference was significant among the 7/2R carriers, F(1, 373) = 8.33, p < .005, no such difference was evident for the 7/2R noncarriers, F < 1 (see Table 2 ).
For parsimony, we created a single composite index of social orientation, by subtracting the interdependencefactor score from the independence-factor score. Figure 1 summarizes the resulting values. As predicted, we found a significant difference between the EA and AA participants on the social-orientation index, F(1, 373) = 18.14, p < .001, with EA participants being more independent and AA participants being more interdependent. More important, there was a significant interaction between culture and DRD4, F(1, 373) = 9.15, p < .003, η p 2 = .024, indicating that the allelic variations of DRD4 differentially affected social orientation in the two cultural groups. Specifically, the cultural difference was sizable for the 7/2R carriers, F(1, 373) = 21.53, p < .001, but it was negligible for the 7/2R noncarriers, F < 1. Among EA participants, the 7/2R carriers were significantly more independent than the noncarriers, F(1, 373) = 4.30, p < .04, and, conversely, among AA participants, the 7/2R carriers were significantly more interdependent than the 7/2R noncarriers, F(1, 373) = 4.86, p < .03.
All analyses were repeated comparing 7/2R carriers with the homogeneous group of 4/4 homozygotes only, and similar results were obtained (see Supplementary Results in the Supplemental Material). These results indicate that the critical effects were not driven by more rare alleles. Moreover, no significant effects involving gender were observed. Additional analyses showed that the two alleles linked to increased dopamine signaling (7R and 2R) were very similar in their effects on independent and interdependent social orientation (see Supplementary Results).
Discussion
Gene × Culture interaction
Our data provide robust evidence that the well-replicated cultural difference on the overarching dimension of independence and interdependence is moderated by the 7R and 2R alleles of DRD4. This study extends the current literature on G × C interaction (Kim et al., 2011; Kim, Sherman, Sasaki, et al., 2010; Kim, Sherman, Taylor, et al., 2010) , a special case of G × E interaction, by showing that the general social-orientation dimension is subject to such an effect. Further, ours is the first study to demonstrate the role of DRD4 in modulating cultural influences. Moreover, our results are consistent with existing evidence that norm-congruous behaviors are associated with the 7R and 2R allelic variants of DRD4 (Sasaki et al., 2013; Zhong et al., 2010) . The current data are in line with our more general expectation that DRD4 is particularly important in the investigation of G × C interaction because its variants are likely to have coevolved with modern human cultures. Because of our exclusive focus on this candidate gene, our sample size (total N = 398) was adequate even though it would not be for genomewide-association studies that simultaneously test numerous alleles. It is indeed reassuring that the pattern of our findings was highly consistent across the six subdimensions of independence and interdependence (results summarized in Table 2 ).
Two interesting aspects of our findings must be noted. First, we observed no significant cultural difference in social orientation in the noncarrier groups. Although it is difficult to make strong inferences from null findings, one might argue that there are other genes that suppress (as well as enhance) plasticity with respect to cultural reward contingencies. Moreover, there might be additional mechanisms of cultural learning, such as mimicry or imitation (Newson, Richerson, & Boyd, 2007) , observational learning (Tomasello, 1999) , and anxiety reduction (Greenberg, Solomon, & Pyszczynski, 1997) , to name just a few. These different mechanisms are likely to be influenced by different genes. It is possible that whereas the cultural difference in social orientation is moderated Note: Standard deviations are given in parentheses. Reliabilities and mean scores were calculated separately for European American (EA) and Asian-born Asian (AA) participants. Within these cultural groups, mean scores were calculated separately for carriers and noncarriers of the 2-repeat or 7-repeat allele of the exon 3 variable-number tandem repeat polymorphism of the dopamine D4 receptor gene (DRD4). Analysis of variance results are presented for the interaction of cultural group and carrier status. The scales of self-esteem and self-efficacy were not included among the questionnaires completed by 123 participants (104 EA and 19 AA). All 398 subjects filled out the remaining scales. by DRD4 when social orientation is measured with explicit belief-based measures (as in the current work), it may be moderated by other genes when it is assessed with other behavioral or neural indicators. This implies that noncarriers of the 7R or 2R allele of DRD4 might still show culturally normative psychological tendencies when assessed with different indicators of social orientation. Further work is needed to shed light on the specific mechanisms of cultural acquisition. Clearly, any cultural group is not homogeneous, and this variability by itself calls for systematic investigation in future research. Second, it did not appear that length of time spent by Asians in the United States as adults strongly affected their social orientation (see Supplementary Results in the Supplemental Material). As noted earlier, a vast majority of our AA participants had spent no more than 7 years in the United States, and none spent more than 10 years. It is likely that nearly all of our AA participants came to the United States only after puberty. Because immigrants are flexibly influenced by their host culture only if they immigrate in early childhood (Cheung, Chudek, & Heine, 2011; Minoura, 1992) , our AA participants may not have been acculturated into the mainstream American culture regardless of the length of their stay in the United States. Well-acculturated Asian Americans may show a pattern that is more similar to the one we observed for European Americans (Kim, Sherman, Sasaki, et al., 2010) .
DRD4: a double-edged sword?
In seeming contrast to this new evidence for the association between the 7R and 2R alleles of DRD4 and culturally sanctioned social orientations, previous work suggests that these alleles are sometimes linked to less socially sanctioned behaviors, such as financial risk taking and heavy drinking (Dreber et al., 2009) . These latter behaviors are arguably norm incongruous and unlikely to be culturally sanctioned. How can it be that the 7R and 2R alleles of DRD4 are associated with both normcongruous behaviors (culturally sanctioned social orientations) and norm-incongruous behaviors (e.g., risk seeking and heavy drinking)?
It is possible that both types of associations exist, but that they emerge under different social circumstances. Among children, the 7R allele of DRD4 is associated with externalizing behaviors under poor parenting conditions, but it is associated with better adjustment under conditions of better parenting (Sheese et al., 2007; van IJzendoorn et al., 2011) . It might be the case that the 7R and 2R alleles are associated with greater acquisition of culturally sanctioned social orientations under generally favorable conditions of socialization, such as careful guidance and scaffolding of norm-congruous behaviors by socialization agents (e.g., parents, relatives, neighbors), but with markedly different, deviant behaviors (e.g., delinquency and risk proneness) under unfavorable social conditions or adversity, which might "reward" externalization or risk taking. Under favorable conditions, individuals with the 7R or 2R allele of DRD4 may be expected to acquire behaviors that are considered socially desirable (i.e., independent behaviors in European American culture and interdependent behaviors in Asian culture). This might explain why the linkage between the 7R and 2R alleles of DRD4 and culturally sanctioned social orientations was observed among our participants, who presumably had relatively privileged social upbringings, given that they were all students at an elite U.S. university.
Coevolution of genes and culture
The current work has some bearing on the coevolution of cultural systems and genetic polymorphisms. Chiao and Blizinsky (2010) suggested that certain alleles of the 5-HTTLPR polymorphism of the serotonin transporter gene might have coevolved with cultural collectivism and individualism. They argued that although a short allele of 5-HTTLPR is linked to anxiety and depression, especially under traumatic life conditions (Caspi et al., 2003) , this genetic risk might be mitigated by cultural collectivism, which involves more caring social relations and support networks. Cultural collectivism might therefore "buffer genetically susceptible populations from increased prevalence of affective disorders" (p. 529), which in turn might lead to a relatively high prevalence of the short allele of 5-HTTLPR.
Likewise, it is possible that DRD4 coevolved with culture. The prevalence of the 7R allele increases as a function of the distance that cultural groups emigrated in the evolutionary past (Chen et al., 1999) . It might be the case that the genetically increased reward sensitivity of 7R carriers motivates emigration or, alternatively, increases their likelihood of survival and reproduction in harsh, primitive conditions of the frontier (Kitayama, Conway, Pietromonaco, & Park, 2010) . It is also possible, in view of the current evidence, that the increased reward sensitivity of 7R carriers was instrumental in forging norm-based cooperation within culture, which in turn could increase the likelihood of survival for the cultural group as a whole (Nowak, Tarnita, & Wilson, 2010) , especially under harsh frontier conditions.
Future directions
One important agenda for future work is to test whether the current results can be replicated using behavioral and neural indicators of social orientation that are unlikely to be influenced by self-presentation (Kitayama & Uskul, 2011) . Further, it will be important to test both individual and potentially cumulative effects of a wider range of genes pertaining not only to the dopamine system (Nikolova et al., 2011) , but also to the serotonin (Caspi et al., 2003; Kim, Sherman, Taylor, et al., 2010) and oxytocin (Kim, Sherman, Sasaki, et al., 2010) systems, as mechanisms without a direct connection to dopamine could also contribute to social orientation (Belsky & Pluess, 2009) . This work will also benefit from thorough analysis of the population-level prevalence of polymorphisms of these genes, which typically varies widely across regions and ethnic groups (Chiao & Blizinsky, 2010) . Last but not least, it will also be worth testing whether the cultural variations in the values and beliefs pertaining to independence and interdependence are most likely to arise when carriers of gene variants with high dopamine signaling capacity are socialized under favorable conditions that are characterized by attentive parenting and an integrated community.
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